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ABSTRACT. The causal agent of witches’ broom disease, Moniliophtho-
ra perniciosa is a hemibiotrophic and endemic fungus of the Amazon basin
and the most important cocoa disease in Brazil. The purpose of this study
was to analyze the genetic diversity of polysporic isolates of M. perni-
ciosa to evaluate the adaptation of the pathogen from different Brazilian
regions and its association with different hosts. Polysporic isolates ob-
tained previously in potato dextrose agar cultures of M. perniciosa from
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different Brazilian states and different hosts (Theobroma cacao, Solanum
cernuum, S. paniculatum, S. lycocarpum, Solanum sp, and others) were
analyzed by somatic compatibility grouping where the mycelium inter-
actions were distinguished after 4-8 weeks of confrontation between the
different isolates of M. perniciosa based on the precipitation line in the
transition zone and by protein electrophoresis through SDS-PAGE. The
diversity of polysporic isolates of M. perniciosa was grouped according
to geographic proximity and respective hosts. The great genetic diversity
of M. perniciosa strains from different Brazilian states and hosts favored
adaptation in unusual environments and dissemination at long distances
generating new biotypes.

Key words: Somatic compatibility; Protein electrophoresis;
Witches’ broom disease; Genetic variability

INTRODUCTION

The fungus Moniliophthora perniciosa (Aime and Phillips-Mora), formerly Crinipellis
perniciosa (Stahel) Singer, is the causal agent of witches’ broom disease in cocoa and is pathogenic
to other species (mainly from Solanaceae) (Bastos and Evans, 1985). This fungus is endemic to
the Amazon forest and causes considerable reduction in cocoa yields in South America (Bolivia,
Ecuador, Peru, and Venezuela) and the Caribbean Islands (Trinidad, Tobago, and Granada). In
May 1989, the fungus was detected in cocoa plantations in Bahia State, a major region of Brazil-
ian cocoa production (Pereira et al., 1989). Damage from this organism can reduce yields as much
as 90%; Bahia producers reported a 75% yield decrease (Andebrhan, et al., 1998), leading to the
extinction of large productive areas and the conversion of native forest to cattle farms.

Control of the fungus is achieved with physical, chemical, and biological methods,
and an emphasis has been placed on the development of integrated and resistant strains that
provide cheaper, efficient, and affordable management for farmers (Purdy and Schmidt, 1996).
Efforts toward making genetic improvements in cocoa plants have been insignificant compared
to those to develop other methods of control owing to the unknown genetic basis of resistance
and mechanism of plant-pathogen interaction (Wheeler, 1976; Agrios, 1988) combined with
poor identification of resistant plant isolates through artificial inoculation, large pathogen vari-
ability, and a lack of known pathotypes (Silva et al., 1998; Meinhardt et al., 2008).

Sexual multiplication of M. perniciosa leads to genetic variations, and pathogen ge-
netic exchange into infected tissues results in multiple host infections. Colonization through-
out various hosts increases genotype selection and high variability (Meinhardt et al., 2008).

The intraspecific classification of M. perniciosa has been based on pathogenicity data
(Hedger et al., 1987; Wheeler and Mepsted, 1988) identifying 4 groups: 1) Malvaceae (biotype
C), which infects mainly Theobroma and Herrania spp, causing economic damage (Evans,
1978); 2) Solanaceae group (biotype S), which infects host species from Solanum spp (Bastos
and Evans, 1985; Purdy and Schmidt, 1996); 3) biotype H, which has recently been identified
and infects Heteropterys acutifolia (Malpighiaceae) (Resende et al., 2000; Griffith et al., 2003),
and 4) biotype L, which is saprophytic (Lianas) and colonizes a vast number of substrates, alive
or dead, especially the species Arrabidaea verrucosa (Standl.) A.H. Gentry (Bignoniaceae)
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(Evans, 1978; Hedger et al., 1987; Griffith and Hedger, 1994a,b; Arruda et al., 2003).

Many native M. perniciosa host species, such as Solanum spp have been identified in
several regions of Brazil, including Minas Gerais State (Evans and Barreto, 1996; Pereira et
al., 1998), Amazonas (Bastos and Evans, 1985), Tocantins, Rondonia, Mato Grosso do Sul,
Mato Grosso, Goias, and Distrito Federal (Pereira et al., 1997; Resende et al., 1997). In the
Malpighiaceae family, H. acutifolia, a common species in the riparian forests in Minas Gerais
State, is also a M. perniciosa host (Resende et al., 2000). In 1985, the occurrence of M. perni-
ciosa in Bixa orellana, which belongs to the Bixaceae family, was documented in Para State
(Bastos and Andebrhan, 1986; Arruda et al., 2003).

The variability characterization of M. perniciosa has been based on morphologic and
cultural characteristics, somatic compatibility (SCG), molecular analysis, and biochemistry re-
lationships with Theobroma cocoa and other Theobroma spp (Hedger et al., 1987; McGeary
and Wheeler, 1988; Wheeler and Mepsted, 1988; Griffith and Hedger, 1994a; Arruda et al.,
2003; Lana et al., 2011). Anastomosis between mycelium from different origins might give rise
to a heterokaryon appearance in the saprophytic mycelium, and variability subsequently in-
creases in the next basidiospore generation. This theory for variability has fundamental impor-
tance because knowledge of pathogen diversity potential is important for planning integrated
control programs for witches’ broom disease, including resistance (Thomsen and Koch, 1999).

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), especially
when combined with other study methods such as mycelial interaction, might be a useful tool
for studies of fungi variability (Novak and Kohn, 1988). Studies of taxonomy, variability,
and host specificity for several isolates of M. perniciosa can be helpful in the development of
efficient control strategies. Therefore, we studied M. perniciosa genetic diversity grades as-
sociated with several hosts in various Brazilian regions to identify preferential or differential
association signs between pathogens and hosts.

MATERIAL AND METHODS

Isolation of M. perniciosa strains

M. perniciosa isolates were obtained from various hosts (7. cacao; Solanum cernuum; S.
lycocarpum;, S. paniculatum; Solanun spp, and lianas). Among the 7. cacao isolates, 9 were from
Amazonic states (Rondonia, Amazonas, Para, and Mato Grosso) and one was from Bahia State. The
Solanaceae isolates were from Minas Gerais, Sao Paulo, and Bahia States (Table 1).

Selection and maintenance of polysporic cultures

Mycelium growth in agar-wheat-dextrose culture medium was obtained using a disk
of polysporic culture previously cultivated in a medium composed of 20% potato broth, 2%
dextrose, and 2% agar in distilled water, which was placed on Petri dishes (9 cm in diameter)
containing 10 mL of culture medium.

After polysporic M. perniciosa culture selection from various hosts, 7-mm disk trans-
fers were made from the edge of the colonies to fresh medium. The isolates were maintained
in the dark in a biochemical oxygen demand incubator with a controlled temperature (26°C)
in agar wheat-bran-dextrose medium covered with mineral oil.

Genetics and Molecular Research 11 (3): 2559-2568 (2012) ©FUNPEC-RP www.funpecrp.com.br



L.F.R. Ferreira et al. 2562

Table 1. Moniliophthora perniciosa (MP) isolates from different hosts and regions of collection.

Species Code Hosts Locality
Moniliophthora perniciosa MP 1 Theobroma cacao Marituba/PA
MP 2 T. cacao Belém/PA
MP 3 T. cacao Altamira/PA
MP 4 T. cacao Medicelandia/PA
MP 5 T. cacao Ouro Preto/RO
MP 6 T. cacao Ariquemes/RO
MP 7 T. cacao Ji-Parana/RO
MP 8 T. cacao Manaus/AM
MP 9 T. cacao Alta Floresta/MT
MP 10 T. cacao Bahia
MP 11 T. cacao Bahia
MP 12 Solanum cernuum Minas Gerais
MP 13 S. cernuum Rio Pomba/MG
MP 14 S. lycocarpum Vigosa/MG
MP 15 S. lycocarpum Coimbra/MG
MP 16 S. paniculatum Gandu/BA
MP 17 Solanum sp Sao Paulo
MP 18 Solanaceae Vigosa/MG
MP 19 Liana (Harry Evans) -
MP 20 Liana (Gareth Griffith) -

SCG tests among M. perniciosa isolates

Disks (7 mm) from polysporic culture isolates were compared in Petri dishes (9 cm in di-
ameter) with 2 cm in distance from one another using the same medium. The comparisons were per-
formed in triplicate and incubated at 26°C for 4-8 weeks. After growing, the colonies were assessed for
compatibility based on the precipitation line in the transition zone. The compatibility test data analysis
was performed with the NTSYS software using the unweighted pair group method with arithmetic
mean algorithm for isolates from the various regions and hosts. Dendograms were then constructed.

Protein profile of M. perniciosa isolates

Analyses of the total protein profile were performed using SDS-PAGE to confirm somatic
incompatibility data. Gel optimization was carried out according to Laemmli (1970) and silver
staining according to Gomes et al. (2000b) on an 18-cm gel. The protein concentration was deter-
mined previously with the Bradford (1976) test in microplates for all samples of M. perniciosa.

The samples were added to the vessels and covered with running buffer added to the
top and bottom vessels. The electrophoresis was performed at 20 mA and 80 mV for the sepa-
rating gel and 50 mA and 200 mV for the resolving gel.

Silver staining was carried out until the bands appeared. The data analysis was the same
as that of the compatibility test using NTSYS (unweighted pair group method with arithmetic
mean) to compare isolates from the various regions and hosts and construct a dendrogram.

RESULTS
Somatic compatibility

In this study, two kinds of mycelial interactions were distinguished in the confrontation
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of the M. perniciosa isolates in the culture medium after 2 months’ growth. The interactions
were the following: 1) linkage between mycelium, resulting in the joining of the 2 colonies with
uniform characteristics, and 2) mycelial interaction in the intersectional region in the contact
zone with somatic incompatibility (Figure 1). Based on analysis of isolate compatibility, 2 den-
drograms were built for M. perniciosa strains and their hosts from various locations in Brazil.

Figure 1. Compatibility and antagonism reactions between different Moniliophthora perniciosa isolates on Petri dishes
containing wheat bran and dextrose, showing incompatibility (a and b) with pigmented and compact zone in the line
intersection division and intermingling mycelial zone without pigmentation zone showing compatibility reaction (c and d).

The analysis of the M. perniciosa strains isolated in the first dendrogram identified
3 groups: 1) strains from Rondonia State (Ariquemes, Ouro Preto D’Oeste) and Para State
(Altamira, Belém, and Marituba); 2) strains isolated in Rondonia State (Ji-Parand), Para
(Medicelandia), and Amazonas (Manaus); and 3) the strain from Mato Grosso State (Figure
2). The second dendrogram produced 2 large groups: 1) strains from Bahia, Minas Gerais, Sao
Paulo, Mato Grosso, and Rondonia, and 2) the Para State strains (Figure 3).

The highest genetic similarity was 0.929 in the 7. cacao isolates from Bahia and be-
tween the isolates S. [ycocarpum from Coimbra (Minas Gerais) and S. paniculatum from Ganda
(Bahia State) (see Figure 3). These values indicate that the isolates present similar genotypic
characteristics and that those from Minas Gerais might have originated in the Bahia isolates.
The isolates of 7. cacao from Rondonia State (Ariquemes and Ouro Preto D’Oeste) and Para
State (Altamira, Belém, and Marituba) were combined into a subgroup, demonstrating that the
distance of the origin region had selective pressure of the same magnitude (see Figure 2).

Protein profile
Using the protein profiles of the isolates, we obtained 3 groups based in host and origin:

1) the 7. cacao isolate from Ouro Preto D’Oeste; 2) T cacao isolates from Bahia and several So-
lanaceae isolates from Minas Gerais, Bahia, and Sao Paulo State, and 3) the isolate from lianas.
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Figure 2. Grouping analysis of nine Moniliophthora perniciosa isolates of Theobroma cacao L. from Amazon
region based on the incompatibility somatic test.
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Figure 3. Dendrogram of Moniliophthora perniciosa grouping based on the somatic incompatibility from different
hosts and places. Liana species donated by Harry Evans.

DISCUSSION

According to Jiménez et al. (2002), 2 types of mycelia interactions are possible. In
the first, a linkage occurs between mycelium, joining the 2 colonies with uniform character-
istics. In the second, an intensity gradient develops at the intersectional region, in which the
region of lower intensity is characterized by small lines near the contact zone (May, 1988;
MacCabe et al., 1999; Pilotti et al, 2002; Hamidson and Naito, 2004). Conversely, regions
of strong intensity are characterized by more compact lines of mycelium. The initially weak
pigmentation changes to a dark brown in response to the abortion of cellular fusion dem-
onstrating that the 2 mycelium types do not share genetic homogeneity, complicating the
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combination of the genotypes in the same cytoplasm (Dahlberg, 1995).

According to the compatibility somatic analysis, a cluster of 2 strains from Rondonia
State (Ariquemes and Ouro Preto D’Oeste) and 3 strains from Para State (Altamira, Belém,
and Marituba) was possible. These results agree with those of Andebrhan and Furtek (1994),
who have reported that the strains from Para State do not permit differentiation of place or
host. They have suggested that geographic proximity and similar environmental conditions
result in the multiple infection of the host by the isolates. However, Andebrhan et al. (1998),
using in vitro and in vivo studies, observed genetic variation between the M. perniciosa iso-
lates from cacao in several locations in Ronddnia State.

A biotype B isolate has been found infecting a plantation of B. orellana adjacent to
a cacao farm in Bahia. The authors reported that this isolate was unable to complete its life
cycle on B. orellana, and the isolate was later proven to be genetically identical to biotype C
isolates found in Bahia (Bastos and Andebrhan, 1986; Griffith and Hedger, 1994a). Therefore,
Meinhardt et al. (2008) do not consider biotype B a distinct subgroup of this species.

Random amplified polymorphic DNA (RAPD) genotyping has revealed that biotype
C isolates from Bahia grouped with B and S isolates nearby, suggesting a possible “jump” of
isolates to alternative host plants (Andebrhan and Furtek, 1994). RAPD analysis performed
by Andebrhan et al. (1999) has shown that isolates from Bahia formed 2 distinct groups, with
some isolates grouping with C-biotypes from the Amazon, but not with the S- or B-biotypes.
These 2 groups appeared to give credibility to reports of 2 independent introductions into the
State of Bahia, leading the authors to conclude that witches’ broom disease in Bahia was intro-
duced from Amazonian isolates (Meinhardt et al., 2008).

According to Liberato et al. (1995), the principle of all agglomerative methods is similar
and begins with the similarity and dissimilarity matrix between the components of a population
and ends with a dendrogram representing the final results graphically. Analysis of the dendro-
gram of the SCG test showed that most isolates displayed high genetic divergence associated
with heterogeneity between isolates and hosts. The genetic similarity variation was 0.143 to
0.929 (percentage of genetic similarity). Based in these results we assume that a large variation
in the genetic similarity between the isolates in the same region and those of other regions means
that the biotypes have high adaptability with a high inability for colonization in the fungi.

These results agreed with those of studies reported by Yamada et al. (1998) and Gomes
et al. (2000a), who have observed that isolates from the same geographic region must be ge-
netically closer. However, the low genetic similarity between M. perniciosa strains from the
same region was observed by Andebrhan and Furtek (1994) for different isolates collected less
than 2 km from one another in the Brazilian Amazon and by Viana-Jinior (2001), who found
low genetic similarity (0.1429) between Herrania and Theobroma bicolor from Para State,
showing that environmental conditions permit the coexistence of various strains produced
through mutation or genetic recombination in the absence of selective pressure.

Results obtained through molecular analysis using RAPD of M. perniciosa strains of
different hosts from the Amazon region suggest that geographic distance is more relevant than
the host for the establishment of genetic similarity between different isolates of M. perniciosa
(Andebrhan and Furtek 1994). Three groups were built: 1) Para isolates composed by Her-
rania sp, Theobroma grandiflorum, T. cacao, Theobroma obovatum, and Theobroma subinca-
num;, 2) isolates of 7. cacao and B. orellana, and 3) the only isolate of Solanaceae (Solanum
rugosum) from Amazonas State. Similar results were obtained from the 2 other compatibility

Genetics and Molecular Research 11 (3): 2559-2568 (2012) ©FUNPEC-RP www.funpecrp.com.br



L.F.R. Ferreira et al. 2566

tests that were performed, with clusters based on geographic proximity (see Figures 2 and 3).

Geographic distance might determine the genetic variation of a pathogen because
isolates from different regions were divergent in analyses with SCG. The same results were
reported by Hedger et al. (1987), who have demonstrated a divergence in the M. perniciosa
population structure (biotypes L and C) in Ecuador (Pichilingue) and Brazil (Pard) in Petri
dishes comparisons (SCG), and inside biotype C from Ecuador and Brazil.

Andebrhan et al. (1998), using SCG groups, identified 2 fungi groups-one composed
of'the isolates from Ouro Preto D’Oeste and Jaru cities and one composed of isolates from the
cities of Cacoal and Ariquemes (Rondonia State) - demonstrating the existence of variability
among M. perniciosa groups isolated in the same geographic region. This structural model
was observed in the present study, with genetic variation among Solanaceae isolates from
various regions of Minas Gerais, including S. lycocarpum (Vigosa), S. lycocarpum (Coimbra),
and S. cernuum (Rio Pomba, Minas Gerais; see Figure 3).

Griffith and Hedger (1994a) have suggested that biotype C did not exist before the 7.
cacao culture in the Amazon region and that the lower variability between their strains (compared
with those of biotype L) found only in Amazonas State suggests that a recent origin and new se-
lective forces caused by 7. cacao monoculture have resulted in this evolution. These relationships
were observed in SCG data of mitochondrial DNA polymorphism (Griffith and Hedger, 1994a,b).

The protein profile results of the 3 isolates of Solanaceae from 3 Minas Gerais State
cities (Vigosa, Coimbra, and Rio Pomba) that are geographically closer (Figure 4) agree with
results of studies performed by Yamada et al. (1998), Gomes et al. (2000a), and Hedger et al.
(1987), which have shown that isolates from a geographic region must be genetically closer. The
analysis of the protein profiles generated using NTSY'S with isolates from various regions and
hosts were similar to the results obtained with SCG tests, demonstrating the importance of the
use of protein profiles (SDS-PAGE) for pathogen variability studies (Novak and Kohn, 1988).
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Figure 4. Dendrogram of 11 Moniliophthora perniciosa isolates from different hosts and places, based on bands
analysis with the NTSY'S software.
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The Solanum (Minas Gerais) and cacao species (Marituba-Para) showed lower ge-
netic similarity, indicating that a different selection was present in each location with a differ-
ent biotype selection. High genetic similarity occurred between the cocoa isolates from Bahia
and between the Solanaceae species from Minas Gerais and Bahia States, both close states. We
demonstrated a strong colonization inability in fungi in different hosts, which influenced other
factors such as dispersion, colonization, and hardness.

SCG was efficient for genetic diversity studies of M. perniciosa polysporic isolates
and is an easy and cheap technique related to molecular and immunological techniques, which
are already used for genetic diversity studies.
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